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A study of D + π − , D 0 π + and D * + π − final states is performed using pp collision data, corresponding to an integrated luminosity of 1.0 fb [2, 3] . A search for excited charmed mesons, labelled D J , has been performed by BaBar [4] . + . This study [5] reports a search for D J mesons in a data sample, corresponding to an integrated luminosity of 1.0 fb −1 , of pp collisions collected at a centre-of-mass energy of 7 TeV with the LHCb detector.
Event selection
The search for D J mesons is performed using the inclusive reactions
where X represents a system composed of any collection of charged and neutral particles † . The charmed mesons in the final state are reconstructed in the decay modes
Charged tracks are required to have good track fit quality, momentum p > 3 GeV and p T > 250 MeV. These conditions are relaxed to lower limits for the pion originating directly from the D * + decay. The cosine of the angle between the momentum of the D meson candidate and its direction, defined by the positions of the primary vertex and the meson decay vertex, is required to be larger than 0.99999. This ensures that the D meson candidates are produced at the primary vertex and reduces the contribution from particles originating from b-hadron decays. The purity of the charmed meson candidates is enhanced by requiring the decay products to be identified by the RICH detectors.
The reconstructed D + , D 0 and D * + candidates are combined with all the rightsign charged pions in the event. Each of the D + π − , the D 0 π + , and the D * + π candidates are fitted to a common vertex with χ 2 /ndf < 8, where ndf is the number of degrees of freedom.
In order to reduce combinatorial background, the cosine of the angle between the momentum direction of the charged pion in the D ( * ) π ± rest frame and the momentum direction of the D ( * ) π ± system in the laboratory frame is required to be greater than zero. It is also required that the D ( * ) and the π ± point to the same primary vertex.
Mass spectra
The D + π − , D 0 π + and D * + π − mass spectra are shown in Fig. 1 . A further reduction of the combinatorial background is achieved by performing an optimization of the signal significance and purity as a function of p T of the D ( * ) π ± system using the well known D 1 (2420) and D * The D + π − mass spectrum, Fig. 1(a) , shows a double peak structure around 2300 MeV due to cross-feed from the decay
where the π 0 /γ is not reconstructed; the last number, in parentheses, indicates the branching fraction of D * + → D + π 0 /γ decays. We observe a strong D * 2 (2460) 0 signal and weak structures around 2600 and 2750 MeV. The wrong-sign D + π + mass spectrum does not show any structure.
The D 0 π + mass spectrum, Fig. 1(b) , shows an enhanced double peak structure around 2300 MeV due to cross-feed from the decays
The D * 2 (2460) + signal and weak structures around 2600 and 2750 MeV are observed. In comparison, the wrong-sign D 0 π − mass spectrum does show the presence of structures in the 2300 MeV mass region, similar to those observed in the D 0 π + mass spectrum. These structures are due to cross-feed from the decay
The D * + π − mass spectrum, Fig 
where P (m) is the two-body phase space and m 0 is a free parameter. The two functions and their first derivatives are required to be continuous at m 0 and therefore the background model has four free parameters. Due to the three-body decay and the availability of the helicity angle information, the fit to the D * + π − mass spectrum allows a spin analysis of the produced resonances and a separation of the different spin-parity components. We define the helicity angle θ H as the angle between the π − and the π + from the D * + decay, in the rest frame of the D * + π − system. Full detector simulations are used to measure the efficiency as a function of θ H , which is found to be uniform.
It is expected that the angular distributions are proportional to sin 2 θ H for natural parity resonances and proportional to 1 + h cos 2 θ H for unnatural parity resonances, where h > 0 is a free parameter. The D * π decay of a J P = 0 + resonance is forbidden. Therefore candidates selected in different ranges of cos θ H can enhance or suppress the different spin-parity contributions. We separate the D * + π − data into three different categories, summarized in Table 1 .
The data and fit for the D * + π − enhanced unnatural parity sample are shown in Fig. 2(a) and the resulting fit parameters are summarized in Table 2 . The mass spectrum is dominated by the presence of the unnatural parity D 1 (2420) 0 resonance. The fitted natural parity D *
(2460)
0 contribution is consistent with zero, as expected. To obtain a good fit to the mass spectrum, three further resonances are needed. We label them D J (2580) 0 , D J (2740) 0 , and D J (3000) 0 . The presence of these states in this sample indicates unnatural parity assignments.
The masses and widths of the unnatural parity resonances are fixed in the fit to the natural parity sample. The fit is shown in Fig. 2(b) and the obtained resonance parameters are summarized in Table 2 . The mass spectrum shows that the unnatural parity resonance D 1 (2420) 0 is suppressed with respect to that observed in the enhanced unnatural parity sample. There is a strong contribution of the natural parity D * Table 2 summarizes the measured resonance parameters and yields. The significances are computed as √ ∆χ 2 where ∆χ 2 is the difference between the χ 2 values when a resonance is included or excluded from the fit while all the other resonances parameters are allowed to vary. All the statistical significances are well above 5σ. In order to obtain information on the spin-parity assignment of the states observed in the D * + π − mass spectrum, the data are subdivided into ten equally spaced bins in cos θ H . The ten mass spectra are then fitted with the model described above with fixed resonance parameters to obtain the yields as functions of cos θ H for each resonance.
The resulting distributions for D 1 (2420) 0 and D * 2 (2460) 0 are shown in Fig. 3(a)-(b) . A good description of the data is obtained in terms of the expected angular distributions for J P = 1 + and J P = 2 + resonances. states. In this case we compare the distributions with expectations from natural parity, unnatural parity and J P = 0 − . In the case of unnatural parity, the h parameter, in 1 + h cos 2 θ H , is constrained to be positive and therefore the fit gives h = 0. In both cases, the distributions are best fitted by the natural parity hypothesis. from the complex resonance structure present in the D * π mass spectrum in the mass region between 2500 and 2800 MeV.
To obtain an estimate of the lineshape and size of the cross-feed, we normalize the D * + π − mass spectrum to the D + π − mass spectrum using the sum of the D 1 (2420) 0 decays according to the chain described in Eq. (2). We then compute the resulting D + π − mass spectra and normalize each contribution to the measured yields. The overall resulting structures are then properly scaled and superimposed on the D + π − mass spectrum shown in Fig. 5(a) . A similar method is used for the D 0 π + final state and the resulting contribution is superimposed on the D 0 π + mass spectrum shown in Fig. 5(b) . To obtain good quality fits we add broad structures around 3000 MeV, which we label D * J (3000) 0 and D * J (3000) + . The fits to the D + π − and D 0 π + mass spectra are shown in Fig. 5(a) and Fig. 5(b) , respectively. Several cross-checks are performed to test the stability of the fits and their correct statistical behaviour. We first repeat all the fits, including the spinparity analysis, lowering the p T requirement from 7.5 to 7.0 GeV. We find that all the resonance parameters vary within their statistical uncertainties and that the spinparity assignments are not affected by this selection. Then we perform fits using random variations of the histogram contents and background parameters. The various estimated systematic uncertainties are added in quadrature. 
Precision measurement of D meson mass differences
Using three-and four-body decays of D mesons produced in semileptonic b-hadron decays, precision measurements of D meson mass differences are made together with a measurement of the D 0 mass [8] . The selection uses only well reconstructed charged particles that traverse the entire tracking system. Further background suppression is achieved by exploiting the fact that the products of heavy flavour decays have a large distance of closest approach ('impact parameter') with respect to the pp interaction vertex in which they were produced. The impact parameter χ 2 with respect to any primary vertex is required to be larger than nine.
Charged particles are combined to form
To eliminate kinematic reflections due to misidentified pions, the invariant mass of at least one kaon pair is required to be within ±12 MeV/c 2 of the nominal value of the φ meson mass. Each candidate D meson is combined with a well-identified muon that is displaced from the pp interaction vertex to form a B candidate, requiring the muon and the D candidate to originate from a common point.
The D meson masses are determined by performing extended unbinned maximum likelihood fits to the invariant mass distributions. In these fits the background is modelled by an exponential function and the signal by the sum of a Crystal Ball [9] and a Gaussian function. The Crystal Ball component accounts for the presence of the QED radiative tail. The fits for the D 0 decay modes and the K + K − π + final state are shown in Fig. 6 .
The 
where the first uncertainty is the quadratic sum of the statistical and uncorrelated systematic uncertainty, the second is due to the momentum scale and the third due to the energy loss. 
